Protein kinase C-dependent and -independent pathways of proto-oncogene induction in human astrocytoma cells.
We compared the abilities of the muscarinic agonist carbachol, epidermal growth factor (EGF), and phorbol 12-myristate 13-acetate (PMA) to induce proto-oncogene mRNA accumulation and other cellular responses in normal and protein kinase C-deficient 1321-N1 human astrocytoma cells. PMA, carbachol, and EGF all stimulated rapid accumulation of mRNA for the proto-oncogenes c-fos and c-myc in the normal cells; in the protein kinase C-deficient cells, carbachol and EGF, but not PMA, retained this effect, which was not mimicked by the calcium ionophore A23187. Both carbachol and PMA activated protein kinase C in these cells, as evidenced by the stimulated phosphorylation of an acidic Mr 80,000 protein kinase C substrate protein with phosphoamino acid and peptide map identity. This response was mimicked by several other neurotransmitters in these cells, including epinephrine, histamine, oxotremorine, and serotonin, and was abolished in cells made protein kinase C-deficient by preincubation with high concentrations of PMA. Both PMA and carbachol promoted the phosphorylation of the ribosomal protein S6 and activated an S6 protein kinase in the normal but not in the protein kinase C-deficient cells. EGF, in contrast, did not appear to activate protein kinase C, but promoted the phosphorylation of S6 and activation of the S6 kinase in both normal and protein kinase C-deficient cells. We conclude that, in 1321-N1 cells, induction of c-fos and c-myc mRNA can occur through a protein kinase C-dependent pathway and one or more independent pathways, exemplified by the responses to carbachol and EGF in the protein kinase C-deficient cells.